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Objective: The purpose of this study was to examine the three-dimensional (3D) progression patterns of
early acetabular cartilage damage in hip dysplasia using high-resolutional computed tomography (CT)
arthrography.
Design: Thirty-two dysplastic hips of 26 Japanese symptomatic females including 21 hips in pre-stage of
osteoarthritis (KellgreneLawrence (KeL) grade 0;mean patient age, 32.0 years) and 11 hips in early stage of
osteoarthritis (KeL grade 1 or 2; mean patient age, 32.8 years) were examined. Isotropic high-resolutional
CT arthrography with an image resolution of 0.5 mm in any orthogonal direction was performed. A 3D
acetabular cartilage model was generated and we evaluated distribution of cartilage thickness in 12 zones
after dividing the weight-bearing area of the hip joint in radial and lateral/medial directions.
Results: In pre-stage of osteoarthritis, signiﬁcant differences in cartilage thickness were observed between
the lateral and medial zones in all radial regions, most prominently in the antero-superior region. In early
stage of osteoarthritis, no signiﬁcant differences in cartilage thickness were observed, except in the most
posterior region. The lateralemedial (LM) ratio was deﬁned as cartilage thickness in the lateral zone
divided by that in the medial zone, and hips with the LM ratio in the antero-superior region of <1.4 had
signiﬁcantly more extensive involvement of labral tears than hips with the LM ratio of 1.4.
Conclusions: In hip dysplasia, acetabular cartilage damage was probably occurred in the antero-superior
lateral area. The LM ratio may be a sensitive index to quantify early cartilage damage associated with
extent of labral disorders.
 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Osteoarthritis is the most common disease of the hip joint, and
one of its major causes is hip dysplasia1. Total hip arthroplasty (THA)
is recommended for advanced stage of osteoarthritis. However,
exercise therapy, weight control, and osteotomies can be used to
treat of hip dysplasia patients in pre- or early stage of osteoarthritis.
Thus, a detailed assessment of cartilage damage in hip dysplasia
patients is important for the diagnosis of early involvement of
osteoarthritis or when planning surgical reconstruction of hip
morphology.
Isotropic computed tomography (CT) arthrography has great
advantages in terms of superior spatial resolution and high signalo: T. Nishii, Department of
edical School, 2-2 Yamadaoka,
x: 81-6-6879-3272.
ishii).
s Research Society International. Pcontrast between adjacent tissues andﬂuids. Previous ex vivo studies
demonstrated the favorable diagnostic capability of CT arthrography
for cartilage thickness quantiﬁcation2e4. To our knowledge, however,
no studies have reported on the three-dimensional (3D) evaluation
of cartilage damage in hip osteoarthritis using CT arthrography
in vivo.
The purpose of this study was to investigate the 3D distribution
of acetabular cartilage thickness in hip dysplasia patients in pre-
and early stage of osteoarthritis by semi-automated computer
analysis using high-resolutional isotropic CT arthrography.Materials and methods
Patients
Our retrospective study examined Japanese patients with
symptomatic dysplastic hips in pre- or early stage of osteoarthritis
and who underwent CT arthrography for diagnosis of acetabularublished by Elsevier Ltd. All rights reserved.
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Male patients were excluded because most hip dysplasia patients
are females5, and inclusion of a small number of male patients may
have posed a signiﬁcant statistical bias. Hip dysplasia was deﬁned
as a center edge (CE) angle of Wiberg of <24 on an antero-
posterior radiograph obtained in the supine position6. Inclusion
criteria were no previous hip surgery; Class 1 subluxation accord-
ing to the classiﬁcation of Crowe et al.7, and grade 0, 1, or 2 osteo-
arthritis according to the KellgreneLawrence (KeL) classiﬁcation8.
In this study, dysplastic hips of KeL grade 0 were classiﬁed as pre-
stage of osteoarthritis and those of KeL grades 1 or 2were classiﬁed
as early stage of osteoarthritis.
Thirty-two dysplastic hips in 26 symptomatic Japanese
females, including 21 hips in pre-stage of osteoarthritis (mean
age 32.0 years, range 16e52 years) and 11 hips in early stage of
osteoarthritis (mean age 32.8 years, range 14e58 years) were
examined. At the time of CT arthrography, 26 hips were painful
and the remaining six hips had prolonged pain when CT
arthrography was scheduled approximately 1 month before the
examination. Of the 21 hips in pre-stage of osteoarthritis, pelvic
osteotomy was scheduled in 12 hips, and conservative therapy
was continued in nine hips. Of the 11 hips in early stage of oste-
oarthritis, pelvic osteotomy was scheduled in seven hips and
conservative therapy was continued in two hips. Two hips at KeL
grade 2 were planned to receive THA due to prolonged severe hip
pain and disability. Institutional review board approval was
obtained for this study.
CT arthrography
Under ﬂuoroscopic observation, a 20-gauge needle was inserted
above the tip of the greater trochanter with the patient in the
supine position and 10 mL of contrast medium (Urograﬁn 60%;
Schering AG, Germany) was injected into the hip joint. Patients
were encouraged to move the joint after injection. Twenty minutes
after injection, CT was performed using a multi-detector row
helical CT system (Aquilion ONE; Toshiba, Japan) with the following
parameters: collimation, 120 kVp; tube charge, 300 mAs; and
helical scan. Axial images were reconstructed with an in-plane
resolution of 0.5  0.5 mm and a longitudinal resolution of
0.5 mm. During CT scanning, a continuous leg traction system using
sand-bags of approximately 10 kg was used to apply lower limb
traction. This traction system could separate the surfaces of
acetabular cartilage and the femoral cartilage and to make the layer
of contrast medium9,10.Fig. 1. The center of the acetabular dome was deﬁned by ﬁtting a spherical ball of an approp
images. Acetabular cartilage was highlighted in red.Image analysis
A single observer (ST) performed image analysis of the CT data in
Digital Imaging and Communications in Medicine (DICOM) format
using the semi-automated cartilage thickness analysis software
(Baum globe; Osaka University, Japan). The observer was blinded to
the radiographic and clinical assessments. A 3D acetabular cartilage
thickness map was reconstructed as follows.
(1) 3D models of both acetabular bone and cartilage were con-
structed after binarization of the CT data.
(2) The center of the acetabular dome was deﬁned by ﬁtting
a spherical ball of appropriate radius to the acetabulum on
axial/coronal/sagittal reconstructed images (Fig. 1).
(3) The edges of the cartilage at the joint ﬂuid-cartilage surface and
cartilage-bone interfaces in the 3D space were automatically
detected by locating points of maximal change in signal
intensity on the proﬁle curve from the center of the acetabular
dome. Cartilage thickness was measured as the distance
between the inner and outer edges in radial directions from the
acetabular center. The color map of acetabular cartilage thick-
ness was overlaid on the cartilage model [Fig. 2(A)].
A 3D cartilage thickness map was projected onto the ﬂat plane
from the center of the acetabular dome. The lateral and medial
edges of the acetabular cartilagewere alignedmanually, by referring
to the corresponding CT image. The acetabular cartilage between
the anterior 60 and posterior 60 range was divided into six radial
regions in increments of 20 (Z1eZ6), and each region was further
divided into lateral and medial zones [Fig. 2(B)]. Average cartilage
thickness in each zone was calculated automatically.
The incidence of labral tears was estimated by CT arthrography
using 3D image analysis software (Virtual Place; Medical Imaging
Laboratory, Tokyo, Japan) as described previously11. After pro-
cessing of the multiplanar radial reformation over the whole
acetabular circumference, the incidence of labral tears was eval-
uated by continuous viewing of the reformatted radial images.
The number of regions with labral tears from Z1 to Z6 was
counted for each hip.
To examine the inﬂuence of alignment of the proximal femur on
cartilage thickness, the neck shaft angle (NSA) of the femur deﬁned
as the angle between the mid axis of the femoral shaft and a line
drawn along the mid axis of the femoral neck and head12 was
measured on antero-posterior radiographs obtained in the supine
position.riate radius (green lines) to the acetabulum on the axial/coronal/sagittal reconstructed
Fig. 2. Color map of acetabular cartilage thickness overlaid on the cartilage model (A). Radial regions and lateral/medial zones were deﬁned by a projected image from the center of
the acetabular dome (B).
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To quantify intra-observer reproducibility, cartilage thickness in
each region of interest (ROI) in all patients was calculated following
an interval of 3 weeks. To quantify inter-observer reproducibility,
cartilage thickness in all patients was calculated independently by
an additional observer. Intra- and inter-observer reproducibility
was quantiﬁed using the mean difference, intra-class correlation
coefﬁcient (ICC) and reproducibility coefﬁcient.
To investigate accuracy of our technique, measurement using CT
arthrography was compared with anatomical measurement using
microscopy in six cadaveric hips (two female and one male, mean
age: 89.7 years). After removing the muscles and ligaments
surrounding the hip joint, the capsule was opened using a scalpel
and the hip joint was dislocated. As ﬁducial markers, six holes
(3 mm in diameter) were drilled in the weight-bearing area of the
acetabular cartilage corresponding to the regions, Z1eZ6 [Fig. 3(A)].
After reduction of the hip joint, the pelvis was immersed in diluted
contrast medium. After 20 min of immersion, CT images were
obtained using the same protocol as that used for patients in vivo.
The femur was then removed, and using a hollow drill, two cylin-
drical cartilage plugs (5 mm in diameter) were obtained from
a location just anterior or posterior to each hole described above.
The cartilage plugs were placed on a microscope stage and cartilage
thickness was measured. Cartilage thickness was deﬁned as theFig. 3. Holes (white arrows) were drilled on the acetabular cartilage as markers (A). Carti
deﬁned as (a þ b þ c)/3 (B). Black arrows represent the cartilageebone interface.mean thickness of measurements obtained at 3 points in each plug
[Fig. 3(B)]. In total, 35 plugs were analyzed. Cartilage thickness
measured using CT arthrography (CT arthrography measurement)
was compared with that measured using microscopy (anatomical
measurement) on the basis of the mean difference, ICC, and
BlandeAltman plot13,14.
Statistical analysis
Cartilage thickness was compared between the lateral and
medial zones of each radial region by the Wilcoxon t-test. Cartilage
thickness in each zone was compared between hips in pre- and
early stage, using a mixed-model analysis of variance (ANOVA), in
which each patient was considered as a random effect and the stage
of osteoarthritis was considered as a ﬁxed effect. To examine the
inﬂuence of body mass index (BMI) and alignment of the proximal
femur, cartilage thickness in each zonewas compared between hips
with BMI higher and lower than the mean BMI, and also between
hips with NSA greater and lesser than the mean NSA of all hips on
radiographs, using a mixed-model ANOVA. The lateralemedial (LM)
ratiowas deﬁned as cartilage thickness in the lateral zone divided by
that in the medial zone. According to the LM ratio in the antero-
superior region (Z3), the cartilage distribution was classiﬁed, into
three patterns: “Convex pattern” (1.4  LM ratio), “Flat pattern”
(1.0 LM ratio< 1.4), and “Concave pattern” (LM ratio< 1.0) (Fig. 4).lage thickness of each plug measured by microscopy (anatomical measurement) was
Fig. 4. The 3D patterns of acetabular cartilage thickness divided by the LM ratio at Z3: ‘Convex pattern’ (1.4  LM ratio), ‘Flat pattern’ (1.0  LM ratio < 1.4), and ‘Concave pattern’
(LM ratio < 1.0).
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of labral tears was evaluated using Fisher’s probability test. The
P values of<0.05 were considered to indicate statistical signiﬁcance.
Statistical analysis was performed using SPSS for Windows (SPSS
version 19, SPSS Inc.).
Results
With regard to the intra-observer reproducibility of cartilage
measurements, the mean difference was 0.05  0.01 mm, ICC was
0.99, and reproducibility coefﬁcient was 2.2%. With regard to the
inter-observer reproducibility of cartilagemeasurements, the mean
difference was 0.05  0.01 mm, ICC was 0.99, and reproducibility
coefﬁcient was 2.1%. With regard to the comparison between the
accuracy of the CT arthrography measurement and the anatomical
measurement, the mean difference was 0.18  0.01 mm and ICC
was 0.78. In BlandeAltman plot analysis, 95% of the differences
between CT arthrography and anatomical measurements ranged
from 0.56 to 0.94 mm (Fig. 5).
Themean BMI of all patients was 21.10.8 kg/m2, and themean
NSA was 138.6  3.4. There were no signiﬁcant differences in
cartilage thickness in each zone when the patients were divided
into two groups by the BMI threshold at 21.1 (P ¼ 0.11) and when
the patients were divided into two groups by the NSA threshold at
138.6 (P ¼ 0.88).
No signiﬁcant differences were observed in age, BMI or CE angle
between the hips in pre-stage and those at early stage of osteoar-
thritis (Table I).
In pre-stage of osteoarthritis, the lateral zone of the cartilage
was signiﬁcantly thicker than the adjacent medial zone in each
radial region (Z1: P ¼ 0.002, Z2: P < 0.001, Z3: P < 0.001, Z4:
P < 0.001, Z5: P < 0.001, Z6: P < 0.001) (Fig. 6). In the lateral zone,Fig. 5. BlandeAltman plots of differences in cartilage thickness between CT arthrog-
raphy and anatomical measurements. Horizontal axis represents the mean value of CT
arthrography and anatomical measurements. Vertical axis represents the difference in
the values between anatomical measurement and CT arthrography measurement.a general trend of the cartilage thickness toward increased cartilage
thickness in Z3 was evident. In early stage of osteoarthritis, the
distribution of cartilage thickness was almost homogeneous
between the lateral and medial zones, the exception of Z6 where
the lateral zone was signiﬁcantly thicker than the adjacent medial
zone (Z1: P ¼ 0.93, Z2: P ¼ 0.66, Z3: P ¼ 0.29, Z4: P ¼ 0.72, Z5:
P ¼ 0.86, Z6: P ¼ 0.03) (Fig. 6). In comparison of the cartilage
thickness between pre-stage and early stage of osteoarthritis,
lateral zone of cartilage thickness in hips at pre-stage of osteoar-
thritis was signiﬁcantly thicker than those at early stage of osteo-
arthritis in Z1eZ4 (Table II). There were signiﬁcant differences in
the LM ratio between pre-stage and early stage of osteoarthritis in
Z2eZ6 (Table II), and this difference was largest in the antero-
superior weight-bearing area (Z3).
Labral tears were found in 16 hips (76%) in pre-stage of osteo-
arthritis and in all hips (100%) in early stage of osteoarthritis. With
respect to cartilage distribution patterns according to the LM ratio
at Z3, there were 13 hips showed ‘Convex pattern’ and eight
showed ‘Flat pattern’ in pre-stage of osteoarthritis, whereas eight
hips showed ‘Flat pattern’ and three showed ‘Concave pattern’ in
early stage of osteoarthritis. All hips exhibiting ‘Convex pattern’
showed either no labral tears or labral tears only in a single region,
whereas seven hips (36.8%) with ‘Flat pattern’ or ‘Concave pattern’
showed labral tears in multiple regions. The incidence of labral
tears in multiple regions was signiﬁcantly higher in hips with ‘Flat
pattern’ or ‘Concave pattern’ than in those with ‘Convex pattern’
(P ¼ 0.03).
Discussion
In this study, the distribution of acetabular cartilage thickness
was not homogeneous in patients with hip dysplasia before osteo-
arthritic involvement. The trend of increased cartilage thickness
being toward Z3 in lateral zones is comparable to that observed in
previous studies15e17. Kurrat et al. demonstrated using microscopy
that the thickest area was close to the edge in the upper joint
sector15. Adam et al. demonstrated using A-mode ultrasound that
the maximum cartilage thickness is located ventrally in the
acetabular roof at the outer rim of the lunate surface, with the







Number of hips 21 11
Age (years) 32.0  4.3 (16e52) 32.8  8.2 (14e58) 0.17
BMI (kg/m2) 20.8  1.0 (16.9e28.4) 21.8  1.0 (19.2e25.3) 0.14
CE angle () 5.4  4.3 (12.5e16.5) 2.4  3.6 (8.5e8.2) 0.37
Values are means  95% conﬁdence intervals (range).
Fig. 6. Cartilage thickness in the lateral and medial zones in each region in pre-stage of osteoarthritis (N ¼ 21) (A) and early stage of osteoarthritis (N ¼ 11) (B). Error bars represent
95% conﬁdence intervals. *P < 0.05.
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thickening of the acetabular cartilage in the supero-lateral area in
both normal and dysplastic hips17. However, there have been no
studies that have assessed the early progression patterns of cartilage
damage associated with osteoarthritic involvement. Thus, in this
study, we explored 3D progression patterns of cartilage damage by
comparing the distribution of cartilage thickness between hips in
pre- and early stage of osteoarthritis using CT arthrography.
Several reports havedemonstrated theusefulness andaccuracyof
assessment of articular cartilage thickness using CTarthrography3,18.
Wyler et al. compared the usefulness of MR arthrography andmulti-
detector spiral CT (MDSCT) arthrography for the measurement of
cartilage thickness, while using anatomical measurements as the
gold standard18. They showed that MR arthrography failed in
approximately 50% of points in the sagittal and transverse planes,
whereas MDSCT arthrography failed in 0e6% points. Allen et al.
measured acetabular cartilage thickness using CT arthrography and
compared the results with those of anatomical measurements3.
They concluded that CT arthrography reliably estimated cartilage
thickness to approximately 0.5 mm of the actual value. To our
knowledge, the present study is the ﬁrst to quantify acetabularTable II
Cartilage thickness and LM ratio in pre-stage of osteoarthritis (21 hips) and early
stage of osteoarthritis (11 hips)
Region Pre-stage of osteoarthritis Early stage of osteoarthritis P value
Lateral zone (mm)
Z1 1.65  0.14 (1.25e2.54) 1.46  0.23 (1.04e2.41) 0.02
Z2 2.17  0.17 (1.53e2.95) 1.52  0.26 (0.91e2.49) <0.001
Z3 2.88  0.25 (1.74e4.25) 1.85  0.30 (1.12e2.93) <0.001
Z4 2.24  0.18 (1.75e3.44) 1.80  0.31 (1.16e2.86) 0.001
Z5 1.92  0.14 (1.47e2.61) 1.79  0.22 (1.13e2.32) 0.08
Z6 1.78  0.13 (1.23e2.31) 1.93  0.16 (1.43e2.39) 0.19
Medial zone (mm)
Z1 1.36  0.10 (0.87e1.93) 1.46  0.26 (0.42e1.96) 0.38
Z2 1.50  0.12 (1.19e2.19) 1.58  0.16 (1.22e2.15) 0.46
Z3 1.79  0.14 (1.41e2.85) 1.71  0.17 (1.37e2.24) 0.4
Z4 1.73  0.16 (126e2.90) 1.85  0.23 (1.27e2.42) 0.43
Z5 1.43  0.13 (1.04e2.27) 1.79  0.19 (1.34e2.25) 0.003
Z6 1.27  0.13 (0.49e1.71) 1.66  0.13 (1.44e2.06) <0.001
LM ratio
Z1 1.23  0.10 (0.88e1.53) 1.11  0.30 (0.69e2.50) 0.38
Z2 1.48  0.13 (0.88e1.94) 0.99  0.19 (0.58e1.49) <0.001
Z3 1.65  0.19 (1.12e2.93) 1.09  0.15 (0.61e1.49) 0.001
Z4 1.31  0.09 (0.94e1.81) 0.98  0.14 (0.62e1.39) <0.001
Z5 1.35  0.06 (1.09e1.58) 1.02  0.13 (0.67e1.36) <0.001
Z6 1.46  0.16 (1.16e2.51) 1.18  0.12 (0.82e1.48) 0.02
Values are means  95% conﬁdence intervals (range).cartilage thickness using CT arthrography in vivo along with visu-
alization of its distribution using 3D color mapping. The spatial
resolution employed in this study (0.5 mm in any orthogonal
direction) was comparable to those used in the aforementioned
cadaveric studies3,18. The method for measuring cartilage thickness,
which was done at points or ROIs in these studies, was different
from that in our study. However, intra- and inter-observer repro-
ducibility in the present study were superior to those in previous
studies, presumably owing to the semi-automated analysis method.
In the comparison of the acetabular cartilage thickness between
pre-stage of osteoarthritis and early stage of osteoarthritis, the
distribution of the cartilage thickness at the medial zones showed
little difference. However cartilage thickness at the lateral zones of
Z1eZ4 zones was signiﬁcantly thinner in early stage of osteoar-
thritis than in pre-stage of osteoarthritis. The decrease in cartilage
thickness was greatest in the lateral zone of Z3, with thickness in
early stage of osteoarthritis being approximately half of that in pre-
stage of osteoarthritis. These results suggest that cartilage damage
in hip dysplasia is likely to occur in the antero-superior lateral zone
of the weight-bearing area. The predominant involvement of
cartilage damage in the lateral zones was quantiﬁed in this study by
calculating the LM ratio. In addition to signiﬁcant differences in the
LM ratio in most regions of the acetabular cartilage between pre-
stage of osteoarthritis and early stage of osteoarthritis, variations
in LM ratios at Z3 were observed within hips of the same radio-
graphic stage. Even in pre-stage of osteoarthritis, approximately 40%
of hips showed ‘Flat pattern’, indicating a relative decrease in carti-
lage thickness in the lateral zone. Close relationships among labral
tears, adjacent cartilage disorders and osteoarthritic progression
has been shown in previous studies11,19e21. Using arthroscopy in hip
dysplasia patients, Noguchi et al. reported that 88% of patients in
pre-stage of osteoarthritis had labral tears at the antero-superior
part of the weight-bearing area, and all patients in end stage of
osteoarthritis had large labral tears in the weight-bearing area20.
Under MR arthrography, Neumann et al. reported the relationship
between the grade of labral tear and cartilage degeneration19.
Using delayed gadolinium-enhanced MRI of cartilage (dGEMRIC),
Jessel et al. also suggested that labral tears were associated with
cartilage damage21. Using CTarthrography in dysplastic hips, Nishii
et al. reported that zones of acetabular cartilage with adjacent
labral tears had a signiﬁcantly higher frequency of cartilage
degeneration than zones without labral tears11. On the basis of
similar ﬁndings obtained in the present study, which shows the
patterns of cartilage thickness distribution were related to the
extent of labral tears, we suggest that the LM ratio at Z3 may be
a sensitive index to quantify early cartilage damage associated
S. Tamura et al. / Osteoarthritis and Cartilage 20 (2012) 646e652 651with labral disorders in hip dysplasia. To establish the reliability of
the LM ratio in estimating the risk of osteoarthritis progression,
patients must be followed up after CT arthrography during the
natural course of the disease.
At present, pelvic osteotomy was indicated in dysplastic hips at
high risk of osteoarthritis progression without surgical interven-
tion. Among several factors, risk of osteoarthritis progression is
mainly estimated from the severity of dysplasia on radiograph,
using parameters such as a low CE angle. However no deﬁnitive
value of the CE angle has been established as an indication for
pelvic osteotomy. However, if cartilage damage could be more
accurately evaluated even for small decreases in cartilage thickness
in limited areas, that are not apparent on plain radiographs, the risk
of osteoarthritis progression could be assessed more reliably and
indications for surgical or conservative therapy may be determined
more adequately.
This study has several limitations. First, asymptomatic hips
were not included because of the relatively invasive nature of the
arthrographic procedures and the radiation exposure. Exclusive
examination of symptomatic hips may be related to the high
frequency of damage in the articular cartilage and acetabular
labrum in hip dysplasia patients. Therefore, the 3D distribution of
acetabular cartilage thickness in asymptomatic dysplastic hips may
be somewhat different from that in symptomatic dysplastic hips in
this study. Second, CT arthrography is a rather invasive procedure
with the additional burden of radiation exposure. The effective
dose of radiation for hip CT arthrography is comparable to that for
chest CT and coronal angiography22. Patients included in this study
were relatively young women, and therefore minimization of
radiation exposure was desirable. Further investigation to mini-
mize radiation dose without deterioration of image quality will be
needed, regarding level of tube voltage and current, and scan
length of CT acquisition23. Third, there may be other factors such as
pelvic shape that inﬂuence the location and severity of cartilage
damage in hip dysplasia. Using CT, Nakahara et al. showed signiﬁ-
cant variation between men and women in anteversion and incli-
nation of the acetabulum, and 3D shape of the acetabular rim and
femoral neck24. Inﬂuence of pelvic shape was not evaluated in this
study because of the limited longitudinal range of CT imaging for
acquiring high-resolutional 3D images. Fourth, we did not compare
CT and MRI in the evaluation of acetabular cartilage damage in hip
dysplasia. Recent advances in 3D MRI sequences have allowed
acquisition of almost isotropic, high-resolution 3D imaging data of
hip cartilage with spatial resolution of >1 mm25,26. Furthermore,
other new MRI techniques sensitive to the extracellular matrix of
cartilage such as dGEMRIC, T1rho, and T2 relaxation times, have
been investigated for the evaluation of cartilage damage associated
with hip osteoarthritis and femoroacetabular impingement27e31.
These techniques may detect early degenerative changes before the
appearance of morphological changes in the cartilage. However,
even if using isotropic, high-resolutional 3D imaging technique of
dGEMRIC, 3D assessment of isolated acetabular cartilages over the
entire acetabular domewas not conducted in previous studies25e27.
Therefore, in further studies, it will be important to compare the
diagnostic ability of the assessment of cartilage morphology using
CT arthrography and assessment of extracellular matrix of cartilage
using dGEMRIC, T1rho or T2 relaxation times in order to clarify
whether these MRI techniques will replace the role of CT arthrog-
raphy or whether both imaging techniques will be needed for
sensitive and accurate evaluation of early cartilage disorder. Finally,
the distribution of acetabular cartilage thickness and extent of
labral tears were assessed, however, other intra-articular structures
such as the femoral head cartilage and synovium were not evalu-
ated in this study. To clarify the various causes of pain in all
symptomatic patients, further investigations regarding assessmentof whole intra- and peri-articular relevant structures will be
required.
In conclusion, high-resolutional isotropic CT arthrography is
useful for visually and quantitatively assessing the distribution of
acetabular cartilage thickness. In general, hip dysplasia patients
show a nonhomogeneous distribution of acetabular cartilage thick-
ness in pre-stage of osteoarthritis, but an almost homogeneous
distribution in early stage of osteoarthritis. The LM ratio at Z3may be
a sensitive index to quantify early cartilage damage in pre-stage of
osteoarthritis and it may be associated with the extent of labral
disorders.
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